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Description 

The invention relates to a liquid crystalline material 
in the form of an anisotropic gel comprising a polymer- 
ized liquid crystalline material and a low-molecular liquid 
crystalline material. The invention further relates to a 
display cell comprising two opposite plates which are 
transparent to light as the substrate, which plates are 
provided with an electrode of a material which is trans- 
parent to light on the sides facing each other, said elec- 
trode carrying an orientation layer and a sealing material 
being provided between the ends of the plates, a liquid- 
crystalline material being introduced in the space be- 
tween the plates and the sealing material which is in the 
form of, for example, a ring. 

In WO 89/09807, a material is disclosed which con- 
sists of microdrops of a liquid crystalline material dis- 
persed in a polymeric matrix of a material having mes- 
ogenic groups, i.e. a liquid crystalline material. In said 
publication it is stated that the matrix material is of the 
thermoplastic type and, hence, as the substances con- 
stituting the matrix material linear polymers are indicat- 
ed. Said linear polymers can be used in electro-optical 
light shutters because, dependent upon the structure of 
the microdrops and the configuration of the light shutter, 
said light shutters are translucent in the OFF-state and 
opaque in the ON state, or conversely 

In WO 89/06371 , a composite material is disclosed 
which consists of drops of liquid crystalline material with- 
in a matrix of a polymer of acrylic acid, said liquid crys- 
talline material having a solubility in the polymer which 
is lower than the solubility in the corresponding mono- 
mer. After polymerization of the monomer, this compos- 
ite material is a solid matrix in which the liquid crystalline 
material is dispersed in the form of drops. In this manner, 
problems concerning the leaking of the liquid material 
from the display cells are overcome. In WO 89/06264, 
a similar material is disclosed, with this difference that 
a matrix is formed from a copolymer of an acrylate and 
a mercaptan. 

In European Patent Application EP 291427, a de- 
scription is given of a polymer of a liquid crystalline ma- 
terial having mesogenic groups in the side chain and an 
ethene-like unsaturation. These linear polymers may be 
mixed with variable quantities of small molecules which 
have no side chains, which small molecules may be me- 
sogenic. The orientation of the linear polymers can be 
changed when the external field is changed, whereas 
the orientation of a network remains unchanged. 

European Patent Application EP 31 3053 describes 
the use of a liquid crystalline material having a positive 
dielectric anisotropy and a transparent solid which is 
present in the liquid crystalline material in the form of 
particles on a three-dimensional network. Said network, 
however, is not composed of a liquid crystalline material 
and it is not oriented. 

In an article by Rudolf Zentel, published in Liquid 
Crystals, 1986, Vol. 1, No. 6, pages 589-592, it is de- 



scribed that cross-linked crystalline polymers are made 
to swell by using low-molecular nematic liquid crystal 
materials, so that orientation in electric fields can be 
brought about more readily. In fact, two polymer mate- 
5 rials are used, such as 1) polyacrylate having side 
groups to obtain a liquid crystalline material and 2) 
polymethacrylate. Both polymer materials have a differ- 
ent cross-linking density. 

US 4 842 380 describes a polymer matrix consisting 
w of a side chain type polymeric LC material for use in in- 
formation recording media, displays and the like. The 
herein disclosed polymeric material is not crossfinked. 
This material has the disadvantage that its orientation 
is sensitive to changes of an external field. 
15 In accordance with the invention, a liquid crystalline 
material as described in the opening paragraph is ob- 
tained, which is characterized in that the polymerized 
material a) forms a permanently oriented crosslinked 
network in the low-molecular liquid crystalline material 
20 b). Preferably, said material b) forms a continuous 
phase around the network of material a). This preferred 
continuous phase is obtained, in particular, by selecting 
the quantity by weight of material a) to be smaller than 
50 % of the sum of material a) and material b), namely 
25 between 1 and 25 % by weight and more specifically 
between 3 and 10 % by weight. A polymer network is to 
be understood as a polymer in which crosslinks occur 
Examples of the liquid crystalline material a) from 
which a network can be formed are acrylates, epoxy 
30 compounds, vinyl ethers and thiolene systems. Exam- 
ples of acrylates are represented by formula 1 and 2 of 
the formula sheet; in formula 1, A denotes a bonding 
dash or -O- or -COO-, m and n denote an integer be- 
tween 0 and 20, and B denotes a mesogenic group as 
35 represented by formulae 9-12 on the formula sheet, or 
other examples of mesogenic groups such as -N=N-, 
and the like, which are known to those skilled in the art. 
Formula 2 represents an acrylate having a mesogenic 
group included in the chain, said mesogenic group being 
40 represented by formula 12 on the formula sheet. 

An example of an epoxy compound is shown in for- 
mula 3, where X denotes a group having formulae 4-8, 
as shown on the formula sheet. In formulae 4-8, p de- 
notes an integer having a value of 0-20. In formula 3, B 
45 has the same meaning as in formula 1 . 

An example of a vinyl ether, which may be used as 
a starting material for the material a) according to the 
invention, is represented by formula 13 on the formula 
sheet, the meaning of X and B being the same as de- 
50 scribed above with respect to formula 3. 

Formulae 15-18 represent substances which can 
be used as material b), i.e. a substance which cannot 
be polymerized. A mixture of the compounds of formu- 
lae 15-18 is commercially available under the indication 
55 E7 by BDH, in quantities of 8 %, 25 %, and 16 %, re- 
spectively. It is alternatively possible to use a liquid crys- 
talline material as the material b), said liquid crystalline 
material having polymerizable groups which do not or 
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hardly polymerise under the conditions of polymerisa- 
tion for the formation of the network consisting of mate- 
rial a). 

Optical and electrical properties of a scatter-type 
liquid-crystal cell comprising the known anisotropic gel 5 
will be described in more detail with reference to the ac- 
companying drawing, in which 

Fig. 1 is a cross-sectiona) view of a display cell ac-_ 
cording to the invention; 

Fig. 2 shows the normalized transmitted light inten- 
sity as a function of the effective voltage applied to 
the cell for gels having different compositions; 
Fig. 3 shows the normalized scattered light intensity 
as a function of the angle between the plane of po- 
larisation of the light incident on the cell and the di- 
rection of molecular orientation; 
Fig. 4 shows the response of the cell comprising a 
gel having a specific composition for various ap- 
plied voltages. 

In Fig. 1 , reference numerals 1 and 2 denote two 
opposite plates which are transparent to light and which 
will hereinafter be termed substrates and which com- 
prise electrodes 4 and 5 on the opposing sides, said 
electrodes being manufactured from, for example, 
ln 2 03.Sn0 2 . On the electrode there is provided an ori- 
entation layer 7 of, for example, a polyamide or silane, 
by means of which the liquid crystalline material 6 ac- 
cording to the invention can be oriented between the 
electrodes. The cell is manufactured by arranging the 
substrates thus formed and provided with electrodes 
and the orientation layer opposite each other and clos- 
ing the apertures by, for example, a ring-shaped mem- 
ber and filling the space between the substrates and the 
ring 3 with the liquid crystalline material 6 according to 
the invention. In practice, a bonding layer of an epoxy 
compound can be used instead of the ring 3 shown. 

When no voltage is applied to the cell, light incident 
on said cell is scattered to a small degree only. By ap- 
plying a voltage, the gel present in the cell is subjected 
to an electric field and the gel and, consequently, the 
cell become opaque as a result of the scattering pro- 
duced. However, it is alternatively possible to use mol- 
ecules having a negative dielectric anisotropy instead 
of molecules having a positive dielectric anisotropy, as 
a result of which the switching process is reversed. 
When a uniaxial orientation is used, the scattered light 
is highly polarized and is brought about only by the pres- 
ence of the network. When a voltage is applied to the 
cell, only a part of the free molecules is reoriented. As 
a result of the high degree of "anchoring", free mole- 
cules which are close to the network molecules are less 
influenced by the electric field generated by applying the 
voltage. 

As stated above, the cell is transparent when no 
voltage is applied and becomes more opaque according 
as the voltage applied increases. Fig. 2 shows the nor- 



malized transmitted light intensity \^/\ Q as a function of 
an effective voltage V rms applied to a cell of 6 u/n for 
gels containing different quantities of E7 and hence dif- 
ferent quantities of C6H> the latter being 3 %, 5 %, 7 % 
and 1 0 %, respectively. At a low content of network mol- 
ecules, the cell starts to scatter at approximately 16 
volts When the applied voltages are higher, scattering 
rapidly reaches a saturation level after which it decreas- 
es. The threshold voltage for bringing about scattering, 
however, increases rapidly according as the content of 
network molecules increases, whereas the slope at 
which the saturation level is reached becomes less 
steep. As stated above, the higher voltages necessary 
to attain reorientation of the free molecules is caused by 
the high degree of "anchoring" which is exerted by the 
network molecules on the neighbouring free molecules. 

The effect of the direction of polarization on the in- 
tensity of the light passed is shown in Fig. 3 which de- 
picts the scattered light intensity as a function of the an- 
gle 8 between the plane of polarisation of the light inci- 
dent on the cell and the direction of molecular orienta- 
tion. As shown in Fig. 3, the maximum scattering is ob- 
tained when 9 = 0°, and hardly any scattering occurs 
when 9 = 90°. This means that the component of the 
light polarized in the direction perpendicular to the mo- 
lecular orientation is passed almost without scattering. 
Starting from a uniaxial orientation of the gel molecules, 
the application of a voltage makes free molecules which 
are not strongly bonded to the network molecules reo- 
riented themselves in accordance with the electric field 
generated. The long axes of the reoriented free mole- 
cules will be inclined relative to the initial direction of mo- 
lecular orientation. In the case of uniaxial orientation 
scattering is maximally 50 %. To attain a higher percent- 
age of scattering, non-uniaxial orientation, such as twist- 
ed or helicoidal orientation has to be used, while apply- 
ing monomers having a chiral atom or using chiral dop- 
ing. Thus, the twisted orientation can more readily be 
attained by using the gel in accordance with the inven- 
tion. 

Fig. 4 shows the effect of the applied voltage on the 
rise time and decay time. Fig. 4 relates to a cell of 6 \im 
having a gel containing 95 % of E7. Fig. 4 shows that 
the rise time decreases according as the applied voltage 
increases, whereas the decay times remain substantial- 
ly constant up to the saturation voltage and tend to in- 
crease somewhat when the voltage is increased further 
Besides, the rise time increases according as the cell 
thickness increases, but the decay time remains con- 
stant. The decay time decreases rapidly according as 
the content of network molecules increases. Conse- 
quently, it is not the thickness of the cell that counts but 
the average distance between the network molecules. 
This explains the short decay times in comparison with 
the decay times (a few hundred milliseconds) in normal 
nematic cells. More particularly, decay times of less than 
one millisecond can be obtained. 

The above-mentioned scattering properties of the 



75 



20 



25 



30 



36 



40 



45 



50 



3 



5 



EP 0 451 905 B1 



6 



gel can of course be used in many other opto-electronic 
devices, such as shutters. 

The invention will be explained in more detail by 
means of the following example of the preparation of a 
liquid crystalline material according to the invention. 

Example. 

A display cell was composed of two opposite plates 
which are transparent to light and which are provided 
with an electrode of a material which is transparent to 
light and with rubbed polyimide layers. In the cell there 
was provided the liquid crystalline material consisting of 
the materials a) and b), for which purpose 5 % of diacr- 
ylate was used, represented on the formula sheet by for- 
mula 14 (known under the indication C6H), which dia- 
crylate was added to 95 parts of a liquid crystalline ma- 
terial, marketed by BDH and known under the indication 
E7, consisting of a mixture of four substances, repre- 
sented on the formula sheet by formulae 15-18. A photo- 
initiator in a quantity of 1 part by weight was added to 
said mixture, Irgacure 651 which is marketed by Ciba 
Geigy being used as the photo-initiator. The provision 
takes place by capillarity (under the influence of the sur- 
face tension). The orientation obtained corresponds 
with the direction in which the polyimide was rubbed. 
After said orientation, the liquid crystalline material was 
exposed to UV light (TL09-Philips), so that a skeleton 
was formed on the basis of the acrylate which is repre- 
sented by formula 14 on the formula sheet, which skel- 
eton was present in the continuous phase of the material 
b) and it preserved the orientation independent of the 
fields applied and the influences to which the liquid crys- 
talline material b) was subjected. 



Claims 

1 . A liquid crystalline material in the form of an aniso- 
tropic gel consisting of a polymerised liquid crystal- 
line material and a low molecular liquid crystalline 
material, characterized in that the polymerised ma- 
terial a) forms a permanently oriented cross-linked 
network in the low-molecular liquid crystalline ma- 
terial b). 

2. A liquid crystalline material as claimed in Claim 1 , 
characterized in that material b) forms a continuous 
phase around the network of material a). 

3. A liquid crystalline material as claimed in Claim 1 , 
characterized in that material a) is selected from 
acrylates, epoxy compounds, vinyl ether com- 
pounds and thiol ene compounds. 

4. A liquid crystalline material as claimed in Claim 3, 
characterized in that the acrylate corresponds to 
formula 1 , shown on the formula sheet, where A is 



a group denoting a bonding dash, -O- or-COO-, B 
is a mesogenic group examples of which are indi- 
cated by formulae 9-12, as shown on the formula 
sheet, and m and n are integers between 0 and 20. 

5 

5. A liquid crystalline material as claimed in Claim 3, 
characterized in that the epoxy compound corre- 
sponds to formula 3, shown on the formula sheet, 
where X corresponds to a group represented by for- 
10 mulae 4-8, shown on the formula sheet, B is a me- 
sogenic group examples of which are indicated by 
formulae 9-12, shown on the formula sheet, and p 
is an integer having a value of 0-20. 

is 6. A liquid crystalline material as claimed in Claim 3, 
characterized in that the material a) is a vinyl ether 
of formula 1 3, as shown on the formula sheet, and 
B and X have the same meaning as indicated in 
Claim 5. 

20 

7. A liquid crystalline material as claimed in Claims 
1 -6, characterized in that material a) is present in 
the gel in a quantity of 1-50 % by weight. 

25 8. A liquid crystalline material as claimed in Claim 7, 
characterized in that the material a) is present in the 
gel in a quantity of 3-10 % by weight. 

9. A liquid crystalline material as claimed in Claims 
30 1-8, characterized in that material b) is a non-po- 

rymerizable liquid crystalline material. 

10. A liquid crystalline material as claimed in Claims 
1 -8, characterized in that under the conditions of 

35 cross-linking substance a), material b) is a non-po- 
rymerizable liquid crystalline material. 

11. A liquid crystalline material as claimed in Claim 9, 
characterized in that material b) is selected from the 

40 group of compounds represented by formulae 
15-18 on the formula sheet, or a mixture thereof. 

12. A liquid crystalline material as claimed in one of the 
preceding Claims, characterized in that the perma- 

45 nently oriented network is helically shaped. 

1 3. A display cell comprising two opposite plates which 
are transparent to light as the substrate, which 
plates are provided with an electrode of a material 

50 wh ich is transparent to light on the sides facing each 
other, said electrode carrying an orientation layer 
and a sealing material being provided between the 
ends of the plates, a liquid crystalline material being 
introduced in the space between the plates and the 

55 sealing material, characterized in that the liquid 
crystalline material is composed of at least two dif- 
ferent liquid crystalline materials, as indicated in 
Claims 1-12. 
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Patentanspruche 

1. Flussigkristallines Material in Form eines anisotro- 
pen Gels, bstehendaus einem polymerisierten flGs- 
sigkristatlinen Material und einem niedermolekula- 
ren flussigkristallinen Material, dadurch gekenn- 
zeichnet, daB das polymerisierte Material a) ein 
standig orientiertes, vernetztes Netzwerk in dem 
niedermolekularen, flussigkristallinen Material b) 
bildet. 

2. Flussigkristallines Material nach Anspruch 1, da- 
durch gekennzeichnet, daB das Material b) eine 
kontinuierliche Phase um das Netzwerk aus dem 
material a) herum bildet. 

3. Flussigkristallines Material nach Anspruch 1, da* 
durch gekennzeichnet, daB das Material a) aus 
Akrylaten, Epoxyverbindungen, Vinylather- und 
Thiolensystemen selektiert ist. 

4. Flussigkristallines Material nach Anspruch 3, da- 
durch gekennzeichnet, daB das der Formel 1 aus 
dem Fermelnblatt entsprechende Akrylat, wobei A 
eine Gruppe ist, welche die Bedeutung eines Kop- 
pelzeichens hat, -0- Oder -C00-, wobei B eine me- 
sogene Gruppe ist, wovon Beispiele durch die For- 
meln 9-12 in dem Formelnblatt angegeben sind, 
und wobei m und n ganze Zahlen sind zwischen 0 
und 20. 

5. Flussigkristallines Material nach Anspruch 3, da- 
durch gekennzeichnet, daB die Epoxyverbindung 
der Formel 3 in dem Formelnblatt entspricht, wobei 
X einer durch die in dem Formelnblatt angegebenen 
Formeln 4-8dargestellten Gruppe entspricht, wobei 
B eine mesogene Gruppe ist, wovon Beispiele 
durch die Formeln 9-12 in dem Formelnblatt gege- 
ben sind und wobei p eine ganze Zahl ist mit dem 
Wert 0-20. 

6. Flussigkristallines Material nach Anspruch 3, da- 
durch gekennzeichnet, daB das Material a) ein 
Vinylather ist mit der Formel 13 in dem Formeln- 
blatt, wobei B und Xdieselbe Bedeutung haben wie 
in Anspruch 5 angegeben. 

7. Flussigkristallines Material nach Anspruch 1 - 6, da- 
durch gekennzeichnet, daB das Material a) in einer 
Menge von 1 - 50 Gew.% in dem Gel vorhanden ist. 

8. Flussigkristallines Material nach Anspruch 7, da- 
durch gekennzeichnet, daB das Material a) in einer 
Menge von 3-10 Gew.% in dem Gel vorhanden ist. 

9. Flussigkristallines Material nach Anspruch 1 - 8, da- 
durch gekennzeichnet, daB das Material b) ein 
nicht-polymerisierbares fussigkristallines Material 



ist. 

1 0. Flussigkristallines Material nach Anspruch 1 - 8, da- 
durch gekennzeichnet, daB unter den Umstanden, 

s bet denen die vemetzung von Stoff a) auftritt, das 
Material b) nicht-polymerisierbares flussigkristalli- 
nes Material ist. 

11. Flussigkristallines Material nach Anspruch 9, da- 
10 durch gekennzeichnet, daB das Material b) aus der 

Gruppe von Verbindungen gewahlt ist, dargestellt 
durch die Formel 15 - 18 in dem Formelnblatt, oder 
ein Gemisch daraus. 

15 12. Flussigkristallines Material nach einem der vorste- 
henden Ansp ruche, dadurch gekennzeichnet, daB 
das standig orientierte Netzwerk spiralformig ist. 

13. Bildwiedergabezelle, bestehend aus zwei einander 
20 gegenuberliegenden fur Licht transparenten Plat- 
ten als Substrat, die an den einander zugewandten 
Seiten mit einer Elektrode aus einem fur Licht trans- 
parenten Material versehen sind, worauf sich eine 
Orientierungsschicht befindet und wobei zwischen 
25 den Enden der Platten ein Dichtungsmaterial vor- 
gesehen ist, wobei in dem Ftaum zwischen den Plat- 
ten und dem Dichtungsmaterial ein flussigkristalli- 
nes Material vorgesehen ist, dadurch gekennzeich- 
net, daB das flussigkristalline Material aus minde- 
30 stens zwei verschiedenen flussigkristallinen Stoflen 
zusammengesetzt ist, wie in Anspruch 1-12 ange- 
geben, 

35 Revendications 

1. Materiau crista II in liquide sous la forme d'un gel ani- 
sotrope consistant en un materiau cristallin liquide 
polymerise et en un materiau cristallin liquide de 
40 bas poids moleculaire, caracteYis6 en ce que le ma- 
teriau polym6ris6 a) forme un reseau reticule orien- 
ts de facon permanente dans le materiau cristallin 
liquide de bas poids moleculaire b). 

45 2. Materiau cristallin liquide suivant fa revendication 1 , 
caract6ris6 en ce que le materiau b) forme une pha- 
se continue autour du reseau de materiau a). 

3. Materiau cristallin liquide suivant la revendication 1 , 
so caracterisS en ce que le materiau a) est choisi parmi 

les acrylates, les composes epoxydes. les ethers 
vinyliques et les composes thiolenes. 

4. Materiau cristallin liquide suivant la revendication 3, 
ss caract6ris6 en ce que I'acrylate correspond a la for- 

mule 1 representee aux feuides de fonmules, ou A 
est un radical reprdsentant une liaison -0- ou COO-, 
B est un radical mesogene dont des exemples sont 
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donnes par les formules 9 a 1 2 represents sur les 
feuilies de formule et m et n sont des entiers entre 
0 et 20. 

5. MateViau cristallin liquide suivant la revendication 3, 
caracterise en ce que te compose epoxyde repond 
a la formule 3 representee sur les feuilies de formu- 
les ou X correspond a un radical repr6sente dans 
les formules 4 a 8, representees sur les feuilies de 
formules, B est un radical mesogene dont des 
exemples sont donnes par les formules 9 a 12. re- 
presentees sur les feuilies de formules et P est un 
entier d'une valeur de 0 a 20. 

6. Materiau crista! I in liquide suivant la revendication 3, 
caracterise en ce que le materiau a) est un ether de 
vinyl de la formule 13, tel que representee sur les 
feuilies de formules et B et X ont la meme significa- 
tion que celles indiquees dans la revendication 5. 

7. Materiau cristallin liquide suivant Tune quelconque 
des revendications 1 a 6, caracterise en ce que le 
materiau a) est present dans le gel en une quantite 
de 1 a 50% en poids. 

8. Materiau cristallin liquide suivant la revendication 7, 
caracterise en ce que le materiau a) est present 
dans le gel en une quantite de 3 a 10% en poids. 

9. Materiau cristallin liquide suivant Tune quelconque 
des revendications 1 a 8. caracterise en ce que le 
materiau b) est un materiau cristallin liquide non po- 
lymerisable. 

10. Materiau cristallin liquide suivant Tune quelconque 
des revendications 1 a 8, caracterise en ce que, 
dans les conditions de la reticulation du materiau 
a), le materiau b) est un materiau cristallin liquide 
non polyme7isable. 

1 1 . Materiau cristallin liquide suivant la revendication 9, 
caracterise en ce que le materiau b) est choisi dans 
la classe formee par les composes des formules 1 5 
a 1 8 des feuilies de formules ou un melange de cel- 
les-ci. 

12. Materiau cristallin liquide suivant Tune quelconque 
des revendications precddentes, caracterise en ce 
que le rdseau onente de facon permanente est de 
forme heiicoTdale. 

13. Cellule d'affichage comprenant deux plaques oppo- 
sees qui sont transparentes a la lumiere en tant que 
substrat, lesquelles plaques sont munies d'une 
electrode d'un materiau qui est transparent a la lu- 
miere sur les faces en regard Tune de ('autre, ces 
electrodes portant une couche d'orientation et un 
materiau de scellement etant dispose entre les ex- 



(reunites des plaques, un materiau cristallin liquide 
etant introduit dans i'espace entre les plaques et le 
materiau de scellement, caracterise en ce que le 
materiau cristallin liquide est compose d'au moins 
s deux materiaux cristallins liquides diff6rents, com- 
me indique dans les revendications 1 a 1 2. 
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